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Abstract. Azobenzene polymer compositions are extensively studied now due to wide perspectives of their applications 
in optoelectronics and information technologies. Some possibilities of modifi cation of their properties by chemical 
methods are analyzed in the present work. These methods allow to improve information characteristics of the media. 
Electrooptical effect is investigated and possibilities of polarization sensitive holographic recording is demonstrated 
in copolymer octyl methacrylate with incorporated azo dyes and its complex with Co ions.
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Introduction
Films of polymeric compositions (PC) containing azobenzene dyes or azobenzene lateral groups [1,2] are of 

interest due to possibility of their use as optically active media [3,4], in particular as electrooptical or magnetooptical 
light controlling elements and polarization sensitive media for optical holographic recording. Induced polarization 
appears in the PC fi lms under infl uence of linearly polarized light which is absorbed by the azobenzene groups and 
causes changes of isomeric structures. The photoinduced polarization can be conserved at the room temperature during 
quite a long time. Changes of the polarization are possible under infl uence of external thermal or mechanical treatments, 
illumination with light and in external electric or/and magnetic fi elds. Rotation of the dipole moments happens in an 
external electric fi eld.

Sensitization of this effect is possible by changing chemical structure of azobenzene groups or by using of 
different dopants. As it follows from numerous theoretical and experimental investigations [5,6] linearly polarized 
light is absorbed by the azobenzene groups resulting in changes of isomeric structure. Photoinduced anisotropy of the 
polarization appears in the fi lms due to changes of concentration of trans- and cis-isomers of the azobenzene groups. 
Rotation of the dipole moments is possible in an external electric fi eld involving changes of the conditions of interaction 
between light and PC. This is a fundamental reason of experimentally observed electrooptical effect.

Since the mechanism of external electric infl uence is determined by the arisen forces orienting the dipole 
moments of the azobenzene compounds, one can suppose that introduction of metallic ions chemically connected to the 
polymer could strengthen the electrooptical effect. Also addition of magnetic nanoparticles into the PC could result in 
external magnetic fi eld infl uence on photoinduced optical anisotropy [7]. Physical properties of such doped PCs are not 
completely investigated so far as well as their information properties, i.e. the possibility of registration the diffraction 
grating, its maximal achievable diffraction effi ciency, its control by external electric and magnetic fi elds.

Azobenzene containing PC are also considered as the perspective media for polarization holography [6,8] due 
to dependency of the photoinduced optical anisotropy on light polarization. Polarization holography technique [9,10] 
has many unique properties and possibilities as compared to the scalar holography. These ones result in more fl exible 
opportunities of light beam control when using light polarization sensitive photoactive media.

Investigations of electrooptical properties of PC fi lms, based on azobenzene of different structure depending on 
presence of coordinated metallic ions as well as on other dopants is the aim of the present work. Holographic information 
properties of the PC with and without metallic ions are also studied.

Experimental
Polymer 4-methacryloyloxy-(4’-carboxy-3’-oxy)azobenzene (A1), its polycomplex with cobalt (A1-Co) 

and polycomplex 4-methacryloyloxy-(4’carboxy-3’-hydroxy)-2-chlorineazobenzene with cobalt (A1-Co,Cl) were 
synthesized and investigated (Figure 1). Their characterization accordingly to chemical standards and the full scheme 
of synthesis is presented by authors [11]. Structural formulas of the polycomplexes A1, A1-Co and A1-Co,Cl are shown 
below.

There is inter-chain coordination of metallic ions in the polycomplexes A1-Co. The polycomplex A1-Co,Cl 
contains chlorine increasing dipole moment of the azobenzene fragment. The samples were prepared as the structures 
with free surface of the polymeric fi lm: glass substrate – polymeric fi lm. The thickness of the polymeric fi lm was 
1.8–2.0 μm.
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Figure 1. Polymer 4-methacryloyloxy-(4’-carboxy-3’-oxy)azobenzene (A1), its polycomplex with cobalt 
(A1-Co) and polycomplex 4-methacryloyloxy-(4’carboxy-3’-hydroxy)-2-chlorineazobenzene

with cobalt (A1-Co,Cl).

Results of investigation of an infl uence of external electric fi eld on the transmission of the fi lms A1 and A1-Co 
are presented in Figure 2. Here, I0 and IE are the intensities of light before and after application of the external electric 
fi eld respectively. External electric fi eld E = 1 x 108 V/m in the PC fi lm was produced by a crown discharge in a special 
device. The fi eld was oriented normally to the fi lm surface. It was observed [12] that infl uence of electric fi eld increases 
when the samples were previously illuminated with linearly polarized light from the band of absorption of azobenzene 
groups (λ<550 nm). The most pronounced changes of I0 when switching on external electric fi eld were observed for the 
time of preliminary illumination t>30 s. External electric fi eld involves decrease of the intensity of light passed through 
the samples with compound A1 (Figure 2, curve 1) and its growth for the samples with A1-Co (Figure 2, curve 2). All 
measurements were done when the investigated samples were placed between crossed polarizers.

Figure 2. Spectral dependencies of IE/I0 in the samples with A1 (1), A1-Co (2).

Recording of the polarization holographic gratings in the samples with the polycomplex A1-Co,Cl can be 
considered as an example. Nd3+: YAG laser with light wavelength λ=532 nm and maximal power 100 mW was used. 
Usual setup for registration of the holograms of fl at wave front [9,13] was used in the experiments. Kinetics of recording 
and relaxation of the holographic gratings for the both cases mutually parallel and perpendicular polarization vectors 
of recording and reference light beams are shown in Figure 3. The ratio between intensities of the beams was 1:1. The 
diffraction effi ciency η was determined as the ratio between light intensity in -1 diffraction order and intensity of the 
reference beam passed through the sample. The spatial frequency of the hologram of fl at wave front was 1500 mm-1.
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Figure 3. Kinetics of recording (1, 2) and relaxation (1’, 2’) of the holograms for the cases  (1, 1’) and 
21 ee ⊥  (2, 2’) in the sample with A1-Co,Cl. The curves 1’, 2’ were registered using reference beam after 

exposure and keeping of the recording medium in darkness.

The case when light polarization vectors 1e  and 2e  of the object and reference beams are parallel  
corresponds to spatial distribution of the light intensity along the sample surface. When these vectors are mutually 
perpendicular spatial distribution of ellipticity and orientation of polarization ellipse of the total light beam along the 
sample surface takes place. After registration of the holograms their relaxation occurs, and its velocity increases when 
the samples is illuminated with continuous light. For  diffraction effi ciency η is less and relaxation time is greater 
as compare to 21 ee ⊥ . For the fi rst case recorded holograms can be conserved at the room temperature during few 
months.

Polycomplex of azobenzene with intrachain coordination of Co ion (A2-Co) was synthesized and investigated 
to compare electrooptical properties of this one and polycomplex of azobenzene with interchain coordination of Co ion 
(A1-Co) (Figure 4).

Figure 4. Polycomplex 4- carboxy-3-oxy-3’-carboxy-4’oxyazobenzene with cobalt.

Spectral dependencies of δIE in the samples with PC A1-Co (curve 1) and A2-Co (curve 2) are shown in Figure 
5. Here, δIE = (IE – I0) / I0 where IE and I0 are the intensities of light before and after application of the external electric 
fi eld respectively. Measurements were done for crossed polarizers. The samples were preliminary illuminated with 
linearly polarized light from the band of absorption of azobenzene groups λ<550 nm.
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Figure 5. Spectral dependencies of δIE in the fi lms 
with A1-Co (1) and A2-Co (2) for crossed polarizers 

after preliminary illumination with linearly polarized 
light λ<550 nm during 60 min.

Results and discussion
Opposite sign of infl uence of external electric fi eld on the intensity of light passed through the samples with 

PC A1 and A1-Co can be explained by the peculiarities of interaction of these compounds with external electric fi eld. 
In the fi lms A1 an external electric fi eld provokes alignment of the photoinduced dipoles along the force lines of the 
fi eld. As a result, interaction between polarized light and these dipoles is weaker and δIE<0 for crossed polarizers. In 
the fi lms A1-Co in the external electric fi eld polarized light undergoes more intensive dispersion and depolarization 
resulting in positive δIE. This fact is probably caused by more effective interaction between the Co2+ ions and the electric 
fi eld as compared to dipoles interaction with the fi eld. These ions are bonded to the azobenzene groups indirectly, 
and the direction of the bond and the photoinduced dipole moment do not coincide. Hence, change of orientation of 
the photoinduced dipoles bonded to the metallic ions in the sample with A1-Co in the external electric fi eld could be 
opposite to the change in the sample with A1. These experimental results can be qualitatively described within the scope 
of phenomenological theoretical model [12].

The samples with polycomplex A1-Co,Cl was chosen as an example for holographic recording. It is once more 
chemical modifi cation of investigated azobenzene polycomplexes with cobalt ions. It is characterized by increased dipole 
moment of azobenzene fragment due to presence of chlorine ions. Recording of two types of interference fi eld of the 
recording and reference beams was accomplished: spatial distribution of light intensity ( ) and spatial distribution 
of light polarization state ( 21 ee ⊥ ). Difference of the relaxation times (Figure 3) in the both cases can be attributed to 
the difference of the structural rearrangement of the polymeric matrix which happens in the polymeric fi lm containing 
azobenzene polycomplexes while intensive trans–cis-izomerization of the azobenzene groups occurred. Similar effects 
were observed before [14,15] and it was concluded that exactly rearrangement of the polymeric matrix is the reason 
of long time conservation of the holographic recording. Moreover, long-lived photoinduced surface relief [6,16] can 
contribute in the observed effect.

Co ions coordinated by chelate groups (A2-Co) participate in electrooptical effect and create additional 
mechanical obstacles for izomerization of azobenzene groups and their rotation in the external electric fi eld. Therefore, 
we observed weaker electrooptical effect in the fi lms with A2-Co where azobenzene group is bonded to two Co ions 
(Figure 5).

Conclusions
Azobenzene polymers now are widely considered as the perspective media for information technologies. 

Their physical and information properties are extensively studied. Analyzing few experimental results presented in this 
paper one can conclude that these properties can be varied depending on practical necessities by appropriate chemical 
modifi cations, namely by introduction of coordinated metallic ions, by changes of the dipole moment of azobenzene 
fragments, by change of coordination of the metallic ions. Introduction of coordinated metallic ions in the investigated 
PC opens additional possibilities of control of the properties of the photoactive medium, allows increasing of their 
sensitivity in external fi elds. Special conditions can be chosen when presence of metallic ions and/or change of dipole 
moment of azobenzene groups intensify the effect of photoinduced polarization.

Moreover, physical and information properties of PC containing azobenzene compounds can be changed by 
introduction of organic merocyanine dyes into their structure [17]. Their infl uence in the PC reveals itself in sensitization of 
electrooptical effect. Also increase of the length of “spacers” and possibility to form hydrogen bonds between substitutes 
in azobenzene groups reduce time and increase magnitude of the changes of optical characteristics of the fi lms under 
infl uence of external electric fi eld [18]. Since infl uence of external electric fi eld is explained by appearance of the forces 
effecting on the dipole moments of azobenzene groups and metallic ions increase of the dipole moments of azobenzene 
groups by chemical methods provokes decrease of the metallic ions infl uence on the electrooptical properties. This effect 
was observed by authors [19] introducing donor and acceptor substitutes into the structure of azobenzene groups.
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Thus, polymer composites with azobenzene dyes and their metallic complexes have wide perspectives for 
practical applications such as for holographic information recording and in optoelectronics due to possibilities to vary 
their properties particularly by chemical methods. Some of these methods are analyzed in this paper.
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